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Description 

This invention relates to electrochemical cells 
and electrode materials for such electrochemical 
cells. It has particular reference to electrode 
materials forming anodes and/or bipolar elec- 
trodes. 

There are numerous requirements in electro- 
chemical reactions for electrodes capable of pass- 
ing an electrical current when connected anodi- 
cally without dissolving or passivating. Examples 
of electrochemical reactions requiring the use of 
anodes include cathodic protection, the formation 
of chlorates and hypochlorites by electrochemical 
oxidation of a chloride solution, the formation of 
persulphates and perborates, metal winning, or- 
ganic oxidations and the evolution of chlorine 
from a chlorine cell. 

Initially anodes were made from graphite or 
platinum or materials such as silicon-iron for use. 
in cathodic protection systems. Improved anode 
materials were discovered, which basically com- 
prised a substrate of titanium having a coating of 
a platinum group metal. Later discoveries, includ- 
ing the use of platinum group metal oxides, were 
more durable and economic in certain instances. 
By the term "platinum group metal" as is used 
herein is meant a metal chosen from the group 
ruthenium, rhodium, palladium, iridium and 
platinum. Platinum group metals are electrocata- 
iytically active, by which is meant that the ma- 
terial, when connected as an anode and im- 
mersed in an electrolyte, will continue to pass 
current into the electrolyte. There may be the 
evolution of oxygen, as in the case of an aqueous 
sulphuric acid electrolyte, or chlorine, as in the 
case of aqueous chloride containing electrolytes, 
or an electrochemical reaction at the anode which 
does not involve the evolution of gas. By com- 
parison titanium uncoated with an el ectrocata lytic 
material passivates when connected as an anode 
in aqueous solutions by the rapid formation of an 
oxide layer by anodic oxidation. This oxide layer 
acts as a barrier to further conduction of elec- 
tricity between the electrolyte and the titanium 
substrate. The third type of anodic reaction which 
can occur is for dissolution of the anode material, 
such as happens, for example, when copper is 
used as an anode in an aqueous copper sulphate 
solution. 

Although anodes comprised of a sheet of 
titanium, in solid or foraminate form, having an 
electrocatalytic coating thereon have proved 
commercially feasible and are in widespread use, 
the cost of titanium does adversely affect the 
economic viability of the anodes. Also, titanium 
does suffer from a number of problems when 
used as a substrate for an electrocatalytic coating. 
Titanium can be subject to acid attack leading to 
acid undermining of the anodically active coating 
and the coating thereby falling off. Also titanium 
is rapidfy hydrided when it is in the presence of 
hydrogen. Titanium hydride is brittle and falls into 
a powder. 

The present invention is concerned with an 



electrochemical cell utilising* an electrode ma- 
terial capable, in the right circumstances, of use in 
electrochemical reactions in the uncoated state 
or, in alternative arrangements, for use in electro- 
5 chemical reactions in the coated state. The pre- 
sent invention provides an electrochemical cell 
incorporating electrodes formed from such elec- 
trode materials. 

British Patent Specification No. 232 680 de- 
io scribes the manufacture of partially reduced 
titanium oxide. However, the techniques de- 
scribed/ namely heating in air at temperatures 
between 800 and 1 000°C, will not permit the 
reduction of the titanium oxide to any significant 
15 extent. Even reducing in hydrogen at these tem- 
peratures would only permit an x value in TiO x of 
approximately 1.93 to 1.94. 

British Patent Specification 1 231 280 proposes 
the use of substoichiometric titanium dioxide as 
20 coatings for titanium anodes. These substoichio- 
metric oxides are regarded as the anodic coatings 
in their own right. British Patent Specification 
1 443 502 describes the use of a three-layer elec- 
trode of titanium in which there is an intermediate 
25 layer of TiO x wherein x is between 0.25 and 1.50 
with an outer anodically active layer. British Pa- 
tent Specification 1 438 462 describes an elec- 
trode comprising a flame sprayed or plasma 
sprayed layer of titanium suboxide on a substrate 
30 such as titanium wherein the titanium suboxide 
has the formula TiO y where y is between 0.1 and 
1.999. Although one of the subclaims covers y 
between 1.75 and 1.999 the more preferred com- 
position in accordance with the Patent is 1.90 to 
35 1.999. Furthermore the suboxide is supported by 
a subtrate, i.e. it describes a coating. 

By the present invention there is provided an 
electrochemical cell incorporating an electrode 
characterised in that the electrode is formed from 
4Q a ceramic-like shaped solid coherent bulk 
titanium oxide having the general formula TiO x 
where x is a number in the region 1.67 to 1.9. 

xmay be in the range 1.67 to 1.85 or 1.7 to 1.8. 
The titanium oxide may be predominantly Ti 4 0 7 
45 and/or Ti 5 O g . 

There may be provided an el ectrocata I ytica My 
active surface on part at least of the surface of the 
electrode. The electrocatalytically active surface 
may include a material chosen from the groups 
50 platinum group metals or alloys, platinum group 
metal oxides, lead and lead dioxide. 

The bulk titanium oxide may include a range of 
titanium oxide compositions. 

The cell may comprise a cathodic protection 
55 system with the electrode forming an anode. The 
anode may be a ground bed anode. 

The cell may be a bipolar cell and the bipolar 
electrode may be formed of the titanium oxide 
material, preferably having a coating on one or 
so both of its active faces. 

The current passing through the cell may be 
periodically reversed in direction. 

The electrode may be formed of a series of tiles 
of the titanium oxide material, each tile being 
65 bonded to a substrate metal by an electrically 
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conductive joint. The cei! may comprise a plu- 
rality of bipolar electrodes assembled in an array, 
the cell being a chlorate or hypochlorite cell 
having an aqueous sodium chloride feed and a 
chlorate or hypochlorite removal system. 

The cell may be used for metal electrowinning 
and the anodes in the cell may be formed of the 
titanium oxide electrode material. The metal to be 
electrowon may be chosen from the group zinc, 
cobalt, manganese, copper, nickel, gold, 
platinum, silver, rhodium, ruthenium, palladium, 
osmium or iridium. 

The cell may be used for the synthesis of 
organic compounds or inorganic compounds. 

The cell may be a metal plating cell, the metal 
being plated being chosen from the group nickel, 
chromium, cadmium or iron. 

The cell may be an electrode boiler and AC cur- 
rent may be applied to the cell to boil liquids 
between the electrodes formed of the electrode 
material. 

The electrode material in the cell may be 
formed by a process involving the step of reduc- 
ing titanium dioxide in a reducing atmosphere at 
a temperature in excess of 1 000°C for a time in 
excess of one hour. The atmosphere may be 
hydrogen. 

The titanium dioxide may be reduced in powder 
form and subsequently compressed at an ele- 
vated temperature to form the compact electrode. 

The titanium oxide powder may be moulded to 
form a "green" composite which is vitrified prior 
to reduction to the electrode material. The vitri- 
fication may take place in air at a temperature in 
the region 950°C to 1 650°C. The titanium dioxide 
powder may be admixed with an organic binder 
to hold the "green" composite together, the 
organic binder burning off during the vitrification 
process. 

The electrode material may be formed by ad- 
mixing a solid reductant with powdered titanium 
dioxide. The solid reductant may be a material 
chosen from the group titanium, titanium nitride, 
titanium silicide, carbon, silicon, TiO andTi 2 0 3 . 

By way of example embodiments of the present 
invention will now be described with reference to 
the accompanying drawings, of which: 

Figure 1 is a graph of electrical resistivity and 
corrosion resistance of various reduced titanium 
oxide materials; and 

Figure 2 is a schematic view of a bipolar cell. 

The starting point for manufacture of elec- 
trodes, electrode materials and cells in accord- 
ance with the present invention is the preparation 
of conducting corrosion resistant substoichio- 
metric bulk titanium oxide. It has unexpectedly 
been found that the use of bulk TiO x , where x is 
optimally 1.75, as an electrode in its own right or 
as a corrosion resistant electrically conductive 
substrate has distinct advantages over prior art 
constructions. 

The bulk of the experimental work carried out 
has been done on Ti0 2 which is mixed with a 
binder for cohesion purposes to enable "green" 
structures to be formed by a conventional 



pressing operation. These green structures are 
vitrified by heating in air to a temperature in the 
region 950°C to 1 600°C. After the product has 
been vitrified it is reduced in hydrogen to form the 

5 desired electrode material. Typically it has been 
found that a reduction over a period of 4 hours at 
1 150°C enables the final, product to be formed in 
which the composition is Ti0i. 75 , i.e. Ti 4 0 7 . Al- 
though it is possible to use a clay as the binder 

w during the pressing operation it is preferred that 
an organic binder is used which is burnt out prior 
to the vitrification stage. During the reduction 
stage a slight increase in porosity of the material 
occurs and it is preferred that the increase in 

15 porosity is kept to a minimum. It has been found 
that after reduction to Ti 4 0 7 , the electrical resistiv- 
ity of the material is approximately 1 000 x 10~ s 
ohm/cm. 

A number of alternative routes to the formation 

20 of TiO x bodies are possible. Thus starting with 
Ti0 2 powder it can be pressed to form a green 
structure and then reduced in hydrogen; or he- 
ated in argon or vitrified in air and given a sub- 
sequent heat treatment at a lower temperature in 

25 hydrogen. Alternatively, the titanium oxide pow- 
der can be reduced in hydrogen to form TiO x 
powder which can then be compacted to the 
green state and given an argon or vacuum heat 
treatment to form a solid product. 

30 Instead of using a hydrogen reduction system, 

mixtures of Ti0 2 and a reducing agent, such as 
titanium powder itself, can be converted to TiO x 
bodies, either by compaction directly of the mix- 
tures to the green state and then given an argon 

35 or vacuum heat treatment or other non-oxidising 
atmosphere at temperatures below 1 600°C to 
form the TiO x body or the mixture of powders can 
be reduced directly to TiO x powder. This TiO x 
powder could then be compacted to form a green 

40 body which could be argon or vacuum heat 
treated at temperatures below 1 600°C to form the 
TiO x body. 

If it was required merely to produce a TiO x 
powder clearly the route could either involve 

45 hydrogen reduction of Ti0 2 powder or argon and 
vacuum heat treatment of mixtures of Ti0 2 and Ti. 
Alternatively Ti0 2 may be admixed with TIN, 
TiSi 2 , carbon, Si, TiO and Ti 2 0 3 as reductants. 
To manufacture compositions in the region 

so Ti 3 0 5 to Ti 5 0 9 , mixtures of Ti0 2 to Ti having molar 
ratios in the region 6:1 to 8:1 were heated at tem- 
peratures in the region 1 400°C to 1 500°C, prefer- 
ably 1 450°C, for two hours under argon or nitro- 
gen. To manufacture compositions in the region 

55 Ti 3 O s to Ti 5 0 9 , it was possible to use a silicide 
reduction route by mixing Ti0 2 and TiSi 2 in the 
molar ratios 23:1 to 11:1. These mixtures were 
then heated at temperatures in the region 1 250°C 
to 1 350X under, argon thereby forming the re- 

50 duced Ti 3 0 5 to Ti s 0 9 together with Si0 2 . 

" Titanium nitride may be used to reduce Ti0 2 to 
form compositions in the region Ti 5 0 9 to Ti 4 0 7 . A 
typical example would be the admixture of Ti0 2 
plusTiN in the molar ratio of 11:1 and heating at 

55 temperatures between 1 200°C to 1 450°C in an 
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atmosphere of argon or nitrogen. The materials 
TI 3 0 5 , Ti 4 0 7 orTigOg may be manufactured by the 
■direct reduction of Ti0 2 using silicon. A typical 
example would be to admix TiO z plus Si in the 
molar ratios 8:1 and at temperatures between 
1 200°C and 1 450°C.in an atmosphere of argon or 
nitrogen. 

Having produced the TiO x body the value of x 
can be varied simply by increasing the time and/ 
or temperature of heat treatment of the Ti0 2 in 
hydrogen. Extensive series of tests have been 
carried out to determine the electrical conduc- 
tivity and the solubility of TiO x with a varying x in 
order to optimise the electrode material in accord- 
ance with the present invention. The results of 
these tests are shown graphically in Figure 1. 
From Figure 1 it can be seen, referring to the solid 
line labelled "mg/l" where "mg/1" is the amount 
of the material (shown on a log scale) dissolved 
per unit time in sulphuric acid of 165 g/l plus 
fluoride and chloride ions in milligrams per litre 
against x in T70 x . This shows that the corrosion 
resistance increases virtually continuously with 
an increase in x in the TiO x . By comparison, how- 
ever, the electrical conductivity of the material 
shown in dotted lines (iog 10 ) shows a pronounced 
peak around Ti 4 0 7 i.e. Tid.^. The dotted lines 
refer to single crystal conductivities whereas the 
double dotted lines refer to the conductivity of 
material prepared by the hydrogen reduction 
route of the present invention. 

It is important to note that hydrogen reduction 
of Ti0 2 is only practical in circumstances where 
the material is not applied to a titanium substrate. 
Thus because of the great affinity of titanium for 
hydrogen any attempt to reduce a titanium oxide 
layer on titanium by heat treatment at tempera- 
tures in excess of 1 000°C in a hydrogen atmos- 
phere would lead to total embrittlement and 
failure of the titanium substrate. It will be appreci- 
ated, therefore, that the heat treatment route 
described above as the preferred route for the 
manufacture of electrode materials in accordance 
with the invention is possibly only in practice on 
bulk titan ia where this material is not present on a 
titanium substrate. It should also be noted that 
the unique combination of high electrical conduc- 
tivity and high corrosion resistance occurs opti- 
mally at the composition Ti 4 0 7 , although Ti s 0 9 is 
almost as good. The distinct improvement in 
properties over compositions such as TtO^, s can 
clearly be seen from the information contained in 
Figure 1. 

To give an indication of the corrosion resistance 
of the materials manufactured in accordance with 
the present invention and forming the subject of 
the invention tests have been carried out on 
titanium oxide which has been heat treated for 3 
hours in hydrogen at a temperature of 1 200°C. 
' When corrosion tested in the polarised condition 
in a solution of 165 g/l sulphuric acid plus traces 
of chloride and fluoride ions, TiO^s had a corro- 
sion rate after 35 days of 0.008 g/m 2 /day. Un- 
polarised material in the same condition over the 
same' period had a corrosion rate of 0.019 g/m 2 / 



day. By "polarised" is meant that the material 
was connected as an anode at a voltage of 3 V. It 
can be seen that in the open circuit or unpolarised 
condition the corrosion rate of the material is just 
5 over twice. that of the polarised material. By com- 
parison the corrosion rate under the same con- 
ditions for plain titanium rod when polarised was 
0.005 g/m 2 /day and in the open circuit condition 
was 30.2 g/m 2 /day. Thus, although the corrosion 

70 rate of the two materials, i.e. titanium and TiO n . 7S , 
is not that different in the polarised condition 
there is a vast increase in corrosion resistance 
when the materials are in the open circuit con- 
dition. This has potentially great significance for 

15 use in practical electrochemical cells in that al- 
though for the vast majority of the time the 
anodes are polarised, they are left occasionally in 
the unpolarised condition. The corrosion rate of 
the materials of the present invention in the 

20 unpolarised condition is almost as low as in the 
polarised condition and is vastly superior to that 
of ordinary titanium. 

The preferred material of the invention, Ti 4 0 7 , 
was exposed to 2 molar NaOH at 25°C for a period 

25 of 32 days and shows no measurable rate of cor- 
rosion. Tests of the same material in a 60% NaOH 
solution at 90°C produced no corrosion in 7 days, 
in both cases the Ti 4 0 7 was not polarised. 
TiO x material in accordance with the present 

30 invention can be formed into almost any desired 
shape of product. Because it is manufactured by a 
sintering route any product shape capable of 
being formed by sintering is available for manu- 
facture. Complex shapes can be made by the 

35 choice of dies for pressing or extrusion in the 
green state. It is also possible to carry out certain 
machining in the green state such as drilling 
holes, machining rims etc. Products can also be 
polished in the vitrified state and a further advan- 

40 tage of the present invention is that products 
which have been polished and show the polishing 
marks in the vitrified state are largely smoothed 
out in the hydrogen reduction to form Ti 4 0 7 . The 
principal shapes for production would be rods, 

45 tubes, rectangular section bars, discs, plates etc. 
Because of the essentially ceramic nature of the 
material it is preferred to keep the product size 
reasonably restricted. As has been mentioned 
above, the conversion oftheTiOztoTiO-,.^ results 

so in an increase in the porosity of the material. The 
porosity appears to result from crystallographic 
transformation of the material and, provided the 
amount of binders used is kept to a. minimum, 
does not adversely affect the strength of the 
. 55 material. It has to be noted, however, that should 
the reduction continue such that nuclei of Ti 3 0 5 
are formed, almost complete loss of mechanical 
strength of the product occurs. To minimise the 
porosity or to fill the pores an infilling operation 

eo can be given by painting" the products with a 
tantalum pentachloride paint which is then 
thermally decomposed in air to form tantalum 
oxide. Optionally a further vacuum heat treatment 
may be given prior to the application of an 

65 anodically active coating. The application of the 
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tantalum pentoxide not only appears to infill 
some of the pores in the Ti 4 0 7 but may impart an 
enhanced surface corrosion resistance to the 
material by formation of a titanium/tantalum sub- 
oxide solid solution. It is possible that such an 
enhancement may be obtained by the application 
of niobium oxide in a similar manner. Because of 
the inherently high corrosion resistance «of the 
products in accordance with the invention it is 
difficult to be certain of the amount of corrosion 
enhancement obtained by the application of tan- 
talum pentoxide. 

It has already been found that the plain TiO x is 
suitable for certain electrochemical reactions 
such as for use as an electrode boiler. One advan- 
tage in using the uncoated materials is their free- 
dom from toxic substances. Thus, when heating 
consumable materials, such as milk, uncoated 
TiO x products may be satisfactorily used as elec- 
trode boiler electrodes. 

Although the uncoated TiO x electrodes formed 
of a material having the composition Ti0 1-75 will 
perform as oxygen evolving electrodes in metal 
winning, and in other electrochemical ceils, the 
over-potentials they appear to exhibit may make 
them slightly uneconomic. Improvements in the 
over-potentials can be obtained by coating the 
bulk TiO x with anodically active materials in a 
manner well known per se. The nature of anodi- 
cally active coating does not form in itself a 
feature of the present invention but the coating 
can be chosen to suit the application. Thus, for 
metal winning indium-containing coatings may 
be most suitable, whereas for use in chlorate 
production platinum-indium coatings are pre- 
ferred. These coatings may be applied either by a 
paint firing technique or by electroplating or by 
combinations of both of these in a manner well 
known per se. 

Ti0 2 ceramic made by conventional ceramic 
techniques usually has a residual porosity of a 
few per cent, but can be specifically manufac- 
tured, without too much loss of mechanical 
strength, with porosity of up to 20%. On transfor- 
mation of rutile ceramic to Ti 4 0 7 orTi 5 0 9 , a further 
increase in porosity occurs, and especially in 
surface layers where there is a tendency to reduc- 
tion more readily than in the body of the com- 
ponent. This high real surface area to the material 
is advantageous for some applications, both in 
the uncoated and coated state. 

For alternate uses, it is desirable to infill pores 
such that very low loadings of electrocatalyst can 
be applied to the outermost surface. Such infilling 
is preferably made with a material as corrosion 
resistant or more so, than the TiO x . The infilling 
can be insulating and water repellant, e.g. poly- 
tetrafluoroethylene or semi-conducting, e.g. 
titanium oxide deposited by thermal decom- 
position of a titanium bearing paint, e.g. tetra-n- 
buty! titanate or titanium trichloride in alcohol or 
water. Alternatively, and usually preferably, the 
pore infilling can be made with a highly elec- 
trically conductive material, such as certain noble 
metals and noble metal oxides, including 



ruthenium, iridium and platinum. It has also been 
found that mixtures of oxides may advan- 
tageously be used to infill porosity such as 
codeposited and thermally decomposed mixtures 
5 of titanium oxide and ruthenium dioxide. Alterna- 
tively titanium dioxide can be applied first, which, 
by virtue of its porosity, can be rendered elec- 
trically conductive by means of subsequent de- 
positions of noble metal or noble metal oxide, 

jo such as iridium oxide. Because some of the 
surface pores are a few micrometres to a few tens 
of micrometres in size, it has been found helpful 
to speed up pore infilling by admixing to the 
paints applied a quantity of Ti 4 0 7 powder that has 

. 75 been comminuted to a particle size of not greater 
than a few micrometres. Alternative conductive 
infilling materials could be usefully used. 

A pore-filled TiO x surface is readily assessed 
visually by the improved specular reflectivity. 

20 Onto a pore-filled surface can be applied estab- 
lished electrocatalyst coatings in controlled low 
loadings. It has been found feasible, for example, 
to apply loadings of 70/30 platinum/iridium in lg/ 
m 2 steps up to 5 g/m 2 , but of course much heavier 

25 loadings are also possible to apply. The outer 
coating is not limited to platinum/iridium and may 
be of any electrocatalyst material. 

Electrodes for use in per-oxidation reactions, 
such as in the manufacture of persulphate com- 

30 pounds, may be formed by manufacturing a TiO x 
rod having a thread on its surface and winding 
highly polished platinum wire into the grooves of 
the thread. The ends of the wire can be potted in a 
suitable manner to enable electrical connections 

35 to be made to the wire itself. 

Ti 4 0 7 , both "solid and in powder form, can be 
used advantageously in circumstances where car- 
bon or graphite has been used previously, and 
sometimes found wanting. For example, TiO x 

40 powder can be used as an electrocatalyst, or as an 
electrocatalyst support, in fuel cell electrode con- 
structions, where its high corrosion resistance to 
sulphuric acid in particular is advantageous. 
Ti 4 0 7 could advantageously be used as a ma- 

45 - terial for photoanodes and photocatalysts in the 
dissociation of water. 

TiO x powder, and especially when coated with 
the noble metals and the noble metal oxides 
which are used in chloralkali technology, can be 

so used as the catalyst for application to sheets of 
polymer used in solid electrolyte forms of elec- 
trolysis cells. 

Example 1 

55 . A Ti0 2 tube, of dimension 12 mm OD 8 mm 
ID x 100 mm long, was first made. To improve 
electrical conductivity, the Ti0 2 tube was ad- 
ditionally heated in hydrogen at 1 150°C for 4 
hours. Upon cooling the tube was coated on the 

60 outside with iridium, by applying 4 coats of an 
iridium chloride paint (50 g/l iridium metal con- 
tent), stoving each coat in air at elevated tempera- 
ture for 15 minutes. 
On completion of the iridium coating on the 

65 outside surface, the inside surface was coated 
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with 0.115 mm of lead by electrodeposition, 
flowing the plating solution through the tube and 
thus not exposing the outer iridium coating to the 
plating solution. 

To establish electrical contact to the material, a 
titanium spring was applied to the lead coated 
internal surface, the one end of the titanium 
stretching out as a wire for external electrical con- 
nection, whereas the other end of the tube was 
closed with a rubber bung. 

The tube sample was immersed vertically in 
simulated zinc winning solution ... 165 g/l sul- 
phuric acid + 115 ppm chloride -f 5 ppm 
fluoride . . . and operated as an anode at 442 A/m 2 
current density on the iridium coated part. After 
27 weeks of operation the electrode was still 
operating at an attractively low cell voltage with 
respect to an aluminium cathode and the test was 
then terminated. 

Example 2 

A TiO x tube as per Example 1 was coated with a 
nominal loading of iridium to 20 g/m 2 (by weight 
gain). The electrode so formed, and without an 
inner lead sheathing, was placed on test as an 
anode in the same simulated zinc winning liquor 
as Example 1 . After 1 0 weeks of electrolysis at 666 
A/m 2 , the anode was still operating satisfactorily. 
Another sample, coated with iridium to only 10 g/ 
m 2 , was also placed on an electrolysis test and 
after 10 weeks was still operating satisfactorily. 
Other tubes coated with 10 g/m 2 iridium per- 
formed equally well under the test conditions 
described, including those with additions of tan- 
talum in the tube material of up to 1 % of the tube 
weight The tantalum was added at the pre- 
calcining stage of powder formation prior to 
extrusion and vitrification, and in one instance 
was added as tantalum pentachloride, and in 
another as potassium tantalum fluoride (K 2 TaF 7 ). 

Example 3 

A TiO x tube as per Example 1 was coated with 
iridium by a paint/stoving route, except that the 
iridium paint was drawn into the pores of the sub- 
strate by a vacuum route. The electrode so made 
was placed on test as an anode in sulphuric 
acid at 3 330 A/m 2 , and after 54 days was still 
operating satisfactorily. 

Example 4 

To assess the suitability of a solid TiO x sub- 
strate as an energy saving electrode, a TiO x tube 
was taken as described in Example 2 and as 
coated to a nominal 1 0 g/m 2 iridium. The tube was 
then clamped to a titanium metal conductor bar 
by means of two titanium spring clips. The sep- 
aration between the two clip connections was 70 
mm. 

With the above electrode operating as an anode 
at 666 A/m 2 current density, the anode electrode 
potential between the two titanium metal clips 
was measured using a Luggin probe connected to 
a saturated mercurous sulphate half cell elec- 
trode. At positions adjacent the titanium metal 



clips, the electrode potential was -.960 volts. At a 
position most distant from the titanium clips, i.e. 
35 mm from the nearest metal clip, the electrode 
potential was -.980 volts. With the reversible 

5 electrode potential in the simulated zinc electro- 
lyte at —.568 volts, the oxygen overpotentials 
over the iridium surface varied between 392 and 
412 millivolts. A solid titanium electrode coated 
with iridium to 10 g/m 2 loading produced identical 

w oxygen overpotential characteristics. 

Example 5 

A tube of titania, reduced in hydrogen to pre- 
dominantly Ti 4 0 7 , was used as a cathode in 3% 

15 sodium chloride at ambient temperature, the 
counter electrode being a 70/30 Pt/lr coated 
titanium anode. Operated at a cathode current 
density of 5 000 A/m 2 , the test was terminated 
after 932 hours for examination of the cathode. 

20 Visually there was no change in appearance from 
that existing at the start of the test. 

Example 6 

In a comparative test, the electrode potential 
25 was compared of solid TiO x , solid TiO x coated 
with electroplated platinum and solid titanium 
metal, when made cathodic at various current 
densities in 3% sodium chloride solution at 20°C. 
Relative electrode potentials with respect to a 
•so saturated calomel reference electrode at 1 000 A/ 
m 2 were 

Uncoated TiO x - 1 .80 volts 

35 Uncoated titanium —1.58 volts 

Platinum coated TiO x —1.14 volts 

Example 7 

40 An electrolytic cell of a filter press design was 
set up with a single bipolar electrode. Monopoles 
were a 70/30 Pt/lr coated titanium as the anode 
and uncoated titanium as the cathode. The central 
bipole consisted of a disc \ in diameter of hydro- 

45 geh reduced titania. The anode face had been 
coated with iridium by application of 4 coat/ 
stoves of chlor-iridic acid in a solvent, each 
coating being stove d at elevated temperature for 
20 minutes. The estimated applied loading, by 

so weight uptake, was 5 g/m 2 iridium. 

The cell was operated at 5 000 A/m 2 plan sur- 
face area on all electrode faces. The electrolyte 
was 220 g/l brine maintained at 80°C and pH of 
3.0. The volume of the cell was 8.6 ml and the 

55 brine refreshment rate 35 times per minute. 

In this test assembly, the central Ti 4 0 7 bipole 
operated with the iridium applied to the anode 
face and the uncoated face as the cathode. After 
583 hours of continuous operation, in which both 

60 compartments operated stably at circa 4.4 volts 
cell voltage, the cell was dismantled for destruc- 
tive examination of the Ti 4 0 7 bipole. No evidence 
was found for hydride formation on the outer 
surface of the Ti 4 0 7 cathode. Chemical deter- 

55 minations of total hydrogen content in the Ti 4 0 7 
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both at the cathode surface and midway through 
the 5 mm thick material revealed exactly the same 
levels at 10 parts per million. X-ray examination 
of the cathode face revealed no further reduction 
of the Ti 4 0 7 starting phase. 

Example 8 

The bipolar type experiments described in 
Example 7 were extended using cells generally 
containing two bipoles. In some arrangements 
the bipoles were hydrogen reduced titania discs, 
and in others solid titanium electrodes were used 
for comparative purposes. 

Another cell contained two hydrogen-reduced 
titania discs, the anode faces of each being coated 
with approximately 55 g/m 2 of platinum electro- 
plate from a bath normally used for applying 
coatings, to titanium (standard sodium hexa- 
hydroxyplatinate solution). It was observed that 
the platinum thickness on the TiO r discs could be 
monitored non-destructively using non-disper- 
sive X-ray fluorescence, just as used for monitor- 
ing platinum coated titanium metal. 

The cell was put into operation with all surfaces 
operating at a plan current density of 1 500 A/m 2 . 
The electrolyte recirculated through the cell was a 
30 g/l brine controlled at a pH of 7. The cell was a 
mini electrochlorinator. After 246 days of con- 
tinuous operation, apart from a few hours dura- 
tion after 48 days to remonitor the thickness of 
platinum on the anode surfaces, visually examine 
the cathode faces and renew seals, the cell volt- 
age was remaining stable. There was no change 
in appearance of the cathode surface from un- 
used control material, the surfaces remaining 
smooth to the touch. 

Yet another cell was set up, very similar in set 
up to that containing two hydrogen reduced discs 
but containing hydrogen reduced titania bipoles 
that had been coated on both sides with platinum 
electroplate. Operated with all surfaces at 1 500 A/ 
m 2 , with electrolyte 30 g/l brine at pH 7 and 
ambient temperature, the current through the cell 
was reversed every 30 minutes by means of a 
timer. Both monopole electrodes consisted of 
platinum electroplated titanium. The ceil was 
energised, and apart from an isolated few hours 
interruption to monitor platinum loadings/the cell 
has since been in continuous operation for a total 
period of 222 days. Wear rate of platinum coating 
on the platinum electroplated TiO x bipole elec- 
trodes was the same as on the platinum electro- 
plated titanium monopoles. 

Example 9 

To simulate operation of anodes under cathodic 
protection operation, hydrogen reduced titania 
tube was coated on the outside with nominally 55 
g7m 2 of platinum electroplate and then immersed 
in a 3% sodiurn_chloride maintained at ambient 
temperature. Operated at 1 000 A/m 2 with respect 
to a steel cathode placed some 10 cm distant, the 
anode was energised and continues satisfactorily 
on test after 36 weeks. 



Example 10 

Hydrogen reduced titania tube was coated on 
its outer surface with approximately 1 mm of lead 
dioxide using a standard nitrate-based bath. The 

5 electrode so made was stable, and micrographic 
examination of a cross-section revealed good 
bonding between the titania and the lead dioxide 
coating. It was operated at 100 A/m 2 in 100 g/i 
H 2 S0 4 plus trace halides for 7 weeks without 

io failure and the test was then terminated. 

Example 11 

Hydrogen reduced titania tubes were coated 
with nominally 55 g/m 2 of platinum using two dif- 
15 ferent plating solutions (sodium hexahydroxy- 
platinate and P-salt). Both were subsequently 
mechanically polished to provide a mirror-finish 
coating of platinum for assessment in electrolytic 
per-oxidation reactions. 

20 

Example 12 

A number of TiO x tubes were coated on the out- 
side with iridium by a paint/stoving process to 
loadings of 10 to 15 g/m 2 . Such electrodes have 

25 subsequently been mounted in cells to evaluate 
durability under ranging conditions of sulphuric 
acid, including concentration . . . 83, 165, 330 and 
660 g/l, current density . . . 666 and 3 300 A/m 2 , 
temperature 35 and 80°C. The cells remained on 

30. continuous electrolysis in excess of one year 
before the tests were terminated. 

Example 13 

To evaluate coated TiO x components as anodes 
35 on a larger scale than single 12 mm OD x 100 
mm long tubes, a titanium structure was made 
with titanium clips for making electrical contact to 
the Iridium coated titania tubes. Two assemblies, 
each comprising 12 coated tubes, were made 
40 anodes in 165 g/l sulphuric acid + 115 ppm 
chloride + 5 ppm fluoride at ambient tempera- 
ture. Added to the electrolyte of one was 9 g/l of 
manganese as manganese sulphate. The elec- 
trodes continued in satisfactory operation for four 
45 months. 

Example 14 

An electrode assembly as described in Example 
13 was used as an anode in cobalt electrowinning. 

so The electrolyte consisted of 40 g/l cobalt as cobalt 
sulphate, 1 g/l manganese as manganese sul- 
phate, 9 g/l magnesium calculated as oxide, 0.3 g/l 
calcium fluoride and 15 g/l sulphuric acid. Tem- 
perature of solution was 80— 85 C C and the total 

55 cell current 20 A. 

The anode was used in cobalt deposition runs 
over 24 days, with satisfactory current efficiency 
of cobalt deposition. The starting electrode poten- 
tial of the anode with respect to a saturated 

60 sulphate half cell reference electrode was in the 
range 0.9 — 1.15 volts and after 24 days' use, - 
extensively coated with cobalt oxide and man- 
ganese dioxide, the electrode potential levelled at 
1.25 — 1.3 volts. Both Luiiu cobalt silicide-based 

65 
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anodes, and lead-based anodes, operated under 
similar electrolytic conditions at circa 1.8 — 2.0 
volts. 

Example 15 

Pieces of sheet Ti 4 0 7 measuring 20 x 80 x 5 
mm were used as pairs of electrodes, uncoated, in 
the electrolysis of artificial seawater to make 
hypochlorite. The current density applied was 50 
A/m 2 . The electrolyte was at ambient tempera- 
ture. One cell contained a pair of Ti 4 0 7 electrodes, 
separated by a distance of 20 mm, operated under 
continuous DC conditions, the one electrode act- 
ing permanently as the anode, and the other per- 
manently as the cathode. The two electrodes 
evolved gases as expected, but in addition cal- 
cium salts were deposited on the cathode. Over 
several weeks of operation the cathode collected 
such massive calcium hydroxide deposit as to 
bridge the gap between itself and the adjacent 
anode. Shortly afterwards the electrolysis of the 
electrolyte was terminated. 

in an adjacent cell, two similar TiO x electrodes 
were operated with current flowing at 50 A/m 2 in 
one direction for 5 hour, and then by means of a 
timer in the electrical circuit, the current was 
reversed for the next 5 hour. By reason of the 
current reversal, neither electrode had accumu- 
lated calcium-bearing scale and the cell remained 
clean. After more than two months on test, the 
electrolysis continued and the electrodes had 
maintained their initial appearance. 

Example 16 

In Experiment 1 5, it was observed that when the 
current was reversed between the TiO x elec- 
trodes, the cell voltage did not automatically 
reverse from positive to negative or vice versa, 
but rather changed siowiy over a period of mi- 
nutes, and at one stage the cell was operating at 
full current with zero cell voltage. In ancilliary 
experiments, it was established that the longer 
the period of DC electrolysis prior to current 
reversal, the longer the period for the cell voltage 
to reverse in spite of the current having "been 
forcibly reversed by the timer and external cur- 
rent supply. The explanation of this is not yet 
available, but it is in part believed to result from 
oxidation of adsorbed hydrogen at one electrode 
and reduction of adsorbed chlorine at the other. . 
However, the possibility of solid state reactions in 
the TiO x cannot be excluded. The system there- 
fore exhibited energy storage, with potential com- 
mercial application. 

As has been mentioned above one of the dis- 
tinct advantages of the product in accordance 
with the present invention is its resistance to 
hydrogen embrittlement when compared to plain 
titanium. It has been found that the solid TiO x , 
where x is preferably"1.75, forms*an ideal material 
for use as a bipolar electrode. 

A bipolar electrolysis cell is illustrated in Figure 
2 in schematic form. The cell basically comprises 
a central bipolar electrode 1 which has a cathodi- 
cally active side 2 and an anodically active side 3. 



it is located between two end electrodes 4 and 5 
which are respectively an anode and a cathode. 
Brine at the appropriate temperature is passed 
along line 6 into the cell and sodium chlorate is 
5 passed out of the cell along line 7. Since the 
voltage is induced in the bipolar electrode under 
• the action of the electrical field, obviously no elec- 
trical connections are required to the electrode 
per se. As many bipolar electrodes as required 

10 can be provided between the end electrodes as is 
well known in the art. Tests over many months 
have shown that the Tid.75 bipolar electrode 
material having a platinum-iridium coating on the 
anode side operates perfectly satisfactorily as a 

15 bipolar electrode with no hydrogen take-up of any 
significant quantity on the cathode side (and 
hence no distortion or failure of the cathode side). 
By comparison, plain titanium bipolar electrodes 
became blistered and started to fail within the 

20 same time span. The use of the bipolar electrode 
in accordance with the present invention can be 
regarded as a significant improvement over the 
present bipolar electrodes which basically are 
formed of graphite or are disposable (titanium 

25 which are throw-away after hydrogen embrittle- 
ment) or are formed of complex, explosively 
welded, mufti-layer structures. 

Because of the nature of the TiO x material — it 
is essentially ceramic-like — it is difficult to manu- 

30 facture in large sizes. If required, therefore, blocks 
of the material may be joined to a sheet of metal 
such as titanium by means of an electrically con- 
ductive glue. A typical glue would be a silver con- 
taining glue. The blocks may be regarded as tiles 

35 bonded by the electrically conductive glue to the 
titanium substrate. A silicone rubber grout may 
be provided in the spaces between the tiles to 
protect the glue from the environment in which 
the electrode acts. Alternatively the tiles may be 

40 bonded to the substrate by means of a braze or 
solder. The metal substrate may be a material 
which could be corroded, such as copper, pro- 
vided it is adequately protected by the grout. 
In addition to the resistance of the cathode to 

45 hydriding it is possible to coat the cathode side of 
the bipolar electrode with a noble metal coating 
to lower the hydrogen over-potential and hence 
improve on power efficiency for hypochlorite 
production when used in a bipolar electro- 

50 chlorinator. Because of the ability of the bipolar 
material to act as both. an anode and a cathode 
the cell could be made self-cleaning by means of 
current reversal. Apart from the use of the TiO x in 
electrochlorinators coated solid TiO x could re- 

55 place graphite in chlorate cells where the advan- 
tages would be: 

a) the use of a material that does not signifi- 
cantly change in dimensions in use; 

b) the use of a material which as a cathode can 
so be noble metal coated to lower the hydrogen 

over-potential and hence increase power ef- 
ficiency. 

Although there is described the use of a bipolar 
electrode in chlorate production, obviously hypo- 
65 chlorite could be produced in a similar cell, or 
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other chemicals as desired. 

In addition to the application of platinum group 
metal or oxide coatings to the bipolar electrodes 
or monopolar electrodes, lead dioxide can be 
applied simply by an electroplating route as is 
known per se. 

Platinum group metal" coated TiO x and lead 
dioxide coated TiO x anodes are considered suit- 
able for use in metal electrowinning of metals 
such as zinc, cobalt, copper, manganese, nickel or 
precious metals. Tests in simulated zinc winning 
electrolytes containing 165 g/l sulphuric acid with 
and without additions of chloride, fluoride and 
manganese have proved satisfactory. 

As mentioned above, the experiments have 
taken place using coated TiO x as bipolar elec- 
trodes in the production of sodium chlorate. 
Samples have also been subjected to tests as 
bipolar electrodes in hypochlorite cells for the 
electrolysis of seawater {sometimes known as 
electrochlorinators). The test conditions were a 
3% sodium chloride solution at 26°C with both the 
anodes and cathodes having a current density of 
1.5 kA/m 2 . Both platinum and platinum-iridium 
coated samples are performing satisfactorily to 
date at low over-potentials. 

In addition to the uses mentioned above, the 
anodes may be satisfactory for use in redox 
• reactions such as the oxidation of manganese, 
cerium, chromium and for use as products in the 
oxidation of organic intermediates. The electrode 
materials may also be suitable for use in copper 
winning using the Duval process, involving the 
oxidation of ferric ions at the anode. 

Because of the essentially brittle nature of bulk 
TiO x the main use in cathodic protection instal- 
lations could be for use as a ground bed electrode 
such as are used in the protection of oil well struc- 
tures. This is particularly the case where acidic 
conditions develop around the anodes. The 
anodes may be useful for several types of ground 
bed applications, such as coke filled, open hole 
etc. It may be possible to use stubby screw-on 
coated TiO x electrodes for the cathodic protection 
of oil platforms. 

Metal finishing baths are usually hot and 
strongly acidic and existing coated titanium elec- 
trodes are susceptible to acid undermining. The 
resistance of TiO^g suggests application of the 
material in the coated form for metal finishing 
electrodes, particularly for nickel, chromium and 
cobalt plating systems. 

The material being inherently a ceramic-like 
-material is generally resistant to abrasion and 
may be useful in those circumstances where 
abrasion is possible, such as in the cathodic pro- 
tection of pumps and in electrochlorinators. The 
use of powdered TiO x may be considered advan- 
tageous, particularly for a conducting "back fill" 
for ground bed .electrodes. Also coated powders 
may be used in fluidised bed type electrodes. The 
materials of the invention may also find appli- 
cation in batteries, effluent treatment and electro- 
flotation, also as the basis for an electrode in a 
photo-electro lyser or fuel cell. 



The material may be used as an earthing elec- 
trode in an electrolytic cell. An earthing electrode 
basically comprises an anode located in the pipe- 
work of the brine supply- to an electrolytic cell to 

5 prevent stray currents passing through the pipe- 
work to earth. Effectively the material acts as an 
anode and would evolve chlorine or oxygen as 
appropriate. 
Where used in the form of coated tubes it is 

10 necessary to make an electrical connection to the 
tube. This can be done by using a spring clip into 
which the tube is fitted — the spring clip being 
formed of, for example, titanium and joined onto 
an electrical conductor — or alternatively an 

15 internal" connection to the tube may be provided, 
particularly if the tube is of a non-porous nature. 

Claims 

20 1 . An electrochemical ceil incorporating an elec- 

trode characterised in that the electrode is formed 
from a ceramic-like shaped solid coherent bulk 
titanium oxide having the general formula TiO x 
where x is a number in the region 1.67 to 1.9. 

25 2. A cell as claimed in Claim 1 further charac- 

terised in that x is in the range 1.67 to 1.85. 

3. A cell as claimed in Claim 2 further charac- 
terised in that x is in the range 1.7 to 1.8. 

4. A cell as claimed in Claim 2 further charac- 
30 terised in that the titanium oxide is predominantly 

Ti<0 7 and/or Ti s O g . 

5. A cell as claimed in any one of Claims 1 to 4 
further characterised in that there is provided an 
electrocatalytically active surface on part at least 

35 of the surface of the electrode. 

6. A cell as claimed in Claim 5 further character- 
ised in that the electrocatalytically active surface 
includes a material chosen from the groups 
platinum group metals or alloys, platinum group 

40 metal oxides, lead and lead dioxide. 

7. A cell as claimed in any one of Claims 1 to 6 
further characterised in that the cell comprises a 
cathodic protection system and the electrode 
comprises an anode. 

4 5 8. A cell as claimed in Claim 7 further charac- 

terised in that the anode is a ground bed anode. 

9. A cell as claimed in any one of Claims 1 to 6 
further characterised in that the cell is a bipolar 
cell and the bipolar electrode is formed of the 

so titanium oxide material, with or without a coating 
on one or both of its active faces. 

10. Use of a cell as claimed in any one of Claims 
1 to 6 or Claim 9 characterised in that the current 
passing through the cell is periodically reversed 

55 in direction. 

1 1 . A cell as claimed in any one of Claims 1 to 9 
further characterised in that the electrode is 
formed of a series of tiles of the titanium oxide 
material, each tile being bonded to a substrate 

60 . metal by an electrically conductive joint. 

12. A cell as claimed in Claim 9 further charac- 
• terised in that the cell comprises a plurality of 

bipolar electrodes assembled in an array, the cell 
being a chlorate or hypochlorite cell having an 
65 aqueous sodium chloride feed and a chlorate or 
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hypochlorite removal system. 

13. Use of a cell as claimed in any one of Claims 
1 to 6 characterised in that the cell is used for 
metal electrowinning and said electrode is the 
anode. 

14. Use of a eel! according to Claim 13 further 
characterised in that the metal to be electrowon is 
chosen from zinc, cobalt, manganese, copper, 
nickel, gold, platinum, silver, rhodium, 
ruthenium, palladium, osmium or iridium. 

15. Use of a cell as claimed in any one of Claims 
1 to 6 characterised in that the cell is used for the 
synthesis of organic compounds or inorganic 
compounds. 

16. Use of a cell as claimed in any one of Claims 
1 to 6 characterised in that the cell is used as a 
metal plating cell, the metal being plated being 
chosen from nickel, chromium, cadmium or iron. 

1 7. Use of a cell as claimed in any one of Claims 
1 to 6 characterised in that the cell is used as an 
electrode boiler and AC current is applied to the 
cell to boil liquids between the electrodes formed 
of the electrode material. 

Patentanspruche 

1. Elektrochemische Zelle, die eine Elektrode 
umfaBt, dadurch gekennzeichnet, daB die Elek- 
trode aus einer keramikartigen geformten festen 
koharenten Masse von Titanoxid derallgemeinen 
Formel TiO, gebildet ist, worin x eine Zahl im 
Bereich von 1,67 bis 1,9 ist. 

2. Zelle nach Anspruch 1, die auBerdem da- 
durch gekennzeichnet ist, daB x im Bereich von 
1,67 bis 1,85 liegt. 

3. Zelle nach Anspruch 2, die auBerdem da- 
durch gekennzeichnet ist, date x im Bereich von 
1,7 bis 1,8 liegt. 

4. Zelle nach Anspruch 2, die auBerdem da- 
durch gekennzeichnet ist, daB das Titanoxid uber- 
wiegend Ti 4 0 7 und/oder Ti s O fl ist. 

5. Zelle nach irgendeinem der Anspruche 1 bis 
4, die auBerdem dadurch gekennzeichnet ist, daB 
auf einem Teil wenigstens der Oberflache der 
Elektrode eine elektrokatalytisch aktive Ober- 
flache ausgebildet ist. 

6. Zelle nach Anspruch 5, die auBerdem da- 
durch gekennzeichnet ist, daB die elektrokata- 
lytisch aktive Oberflache ein Material umfaBt, das 
aus den Gruppen der Metalle oder Legierungen 
der Platingruppe, der Oxide der Metalle der 
Platingruppe, Blei und Bleidioxid ausgewahlt ist. 

7. ~Zelle nach irgendeinem der Anspruche 1 bis 
6, die auBerdem dadurch gekennzeichnet ist, daB 
die Zelle eine katodische Schutzanlage umfaBt 
und die Elektrode eine Anode umfaBt. 

8. Zelle nach Anspruch 7, die auBerdem da- 
durch gekennzeichnet ist, daB die Anode eine 
geerdete Anode ist. 

9. Zelle nach einerrrder Anspruche 1 bis 6, die 
auBerdem dadurch gekennzeichnet ist, daB die 
Zelle eine bipolare Zelle ist und die bipolare Elek- 
trode aus dem Titanoxid-Material mit oder ohne 
Oberzug auf einer oder beiden ihrer aktiven Fla- 
chen geformt ist. 



10. Verwendung einer Zelle, wie sie in irgend- 
einem der Anspruche 1 bis 6 oder 9 beansprucht 
wird, dadurch gekennzeichnet, daB die Richtung 
des Stroms, der durch die Zelle stromt, periodisch 

5 umgekehrt wird. 

11. Zelle nach irgendeinem der Anspruche 1 bis 
9, die auBerdem dadurch gekennzeichnet ist, daB 
die Elektrode aus einer Reihe von Kacheln aus 
dem Titanoxid-Material geformt ist, wobei jede 

w Kachel mit Hilfe einer elektrisch leitenden Verbin- 
dung an ein Tragermettel gebunden ist. 

12. Zelle nach Anspruch 9, die auBerdem da- 
durch gekennzeichnet ist, daB die Zelle eine Viel- 
zahl von bipolaren Elektroden umfaBt, die in einer 

. is regelmaBigen Anordnung angeordnet sind, wo- 
bei die Zelle eine Chlorat- oder Hypochlorit-Zelle 
mit einer Zufuhrung von wassrigem Natrium- 
chlorid und einem Chlorat- oder Hypochlorit- 
Abfuhr-System ist. 

20 13. Verwendung einer Zelle, wie sie in irgend- 
einem der Anspruche 1 bis 6 beansprucht'wird, 
dadurch gekennzeichnet, daB die- Zelle zur elek- 
trolytischen Metal lextraktion verwendet wird und 
die genannte Elektrode die Anode ist. 

25 14. Verwendung einer Zelle nach Anspruch 13, 
die ferner dadurch gekennzeichnet ist, daB das 
elektrolytisch zu extrahierende Mertall ausge- 
wahlt istausZink, Kobalt, Mangart, Kupfer, Nickel, 
Gold, Platin, Silber, Rhodium, Ruthenium, Pal- 

30 ladium, Osmium oder Iridium. 

15. Verwendung einer Zelle, wie sie in irgend- 
einem der Anspruche 1 bis 6 beansprucht wird, 
dadurch gekennzeichnet, daB die Zelle zur Syn- 
these organischer Verbindungen oder anorga- 

35 nischer Verbindungen verwendet wird. 

16. Verwendung einer Zelle, wie sie in irgend- 
einem der Anspruche 1 bis 6 beansprucht wird, 
dadurch gekennzeichnet, daB die Zelle als eine 
Zelle zur galvanischen Metallierung verwendet 

^o wird, wobei das abgeschiedene Metall ausge- 
wahlt ist aus Nickel, Chrom, Kadmium oder Eisen. 

17. Verwendung einer Zelle, wie sie in irgend- 
einem der Anspruche 1 bis 6 beansprucht wird, 
dadurch gekennzeichnet, daB die Zelle als ein 

45 Elektrodenkesse! verwendet wird und der Zelle 
ein Wechselstromzugefuhrt wird, um zwischen 
den Elektroden, die aus dem Elektrodenmateriaf 
gebildet sind, Flussigkeiten zu sieden. 

SO Revendications 

1. Element electrochimique comprenant une 
electrode, caracterise en ce que I'electrode est 
formee a partir d'un oxyde de titane agglomere 

55 en masse soiide ayant une structure analogue a 
celle d'une ceramique et dont la formule generate 
est TiO x , ou x est un nombre appartenant a I'inter- 
valle de 1,67 a 1,9. 

2. Element selon la revendication 1, caracterise 
60 de plus en ce que x appartient a I'intervalle de 

1,67 a 1,85. 

3. Element selon la revendication 2, caracterise 
. de plus en ce que x appartient a 1'intervalle de 1,7 

a 1,8. 

65 4. Element selon la revendication 2, caracterise 
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de plus en ce que I'oxyde de titane est compose 
principalement de Ti 4 0 7 et/ou de Ti 5 0 9 . 

5; Element selon I'une quelconque des reven- 
dications 1 a 4, caracterise de plus en ce qu'une 
partie au moins de la surface de ['electrode est 
pourvue d'une surface a activite electrocata- 
lytique. 

6. Element selon la revendication 5, caracterise 
de plus en ce que la surface a activite electro- 
catalytique comprend une matiere choisie parmi 
les metaux du groupe du platine ou leurs alliages, 
les oxydes de metaux du groupe du platine, le 
plomb et le dioxyde de plomb. 

7. Element selon Tune quelconque des reven- 
dications 1 a 6, caracterise de plus en ce que I'ele- 
ment consiste en un systeme de protection catho- 
dique et I'electrode consiste en une anode. 

8. Element selon la revendication 7, caracterise 
de plus en ce que I'anode est une anode de 
systeme de prise de terre. 

9. Element selon Tune quelconque des reven- 
dications 1 a 6, caracterise de plus en ce que ['ele- 
ment est un element bipolaire et I'electrode bipo- 
laire est constitute de la matiere a base d'oxyde 
de titane, et comporte ou non un revetement sur 
Tune de ses faces actives ou sur les deux. 

10. Utilisation d'un element selon I'une quel- 
conque des revendications 1 a 6 ou la revendica- 
tion 9 # caracterisee en ce que le sens du courant 
passant a travers ['element est periodiquement 
inverse. 

11. Element selon I'une quelconque des reven- 
dications 1 3 9, caracterise de plus en ce que 
I'electrode est constitute d'une serie de tuiles de 
la matiere a base d'oxyde de titane, chaque tuile 
etant liee a un metal de support au moyen d'un 



joint electroconducteur. 

12. Element selon la revendication 9, carac- 
terise de plus en ce que ['element comprend une 
pluralite d'electrodes bipolaires assemblies sous 

5 forme d'une rangee, I'element etant un element 
de production de chlorate ou d'hypochlorite 
comportant un disposrtif d'alimentation en chlo- 
rure de sodium aqueux et un dispositif d'enleve- 
ment du chlorate ou de ['hypochlorite. 

10 13. Utilisation d'un element selon I'une quel- 
conque des revendications 1^6, caracterisee en 
ce que I'element est utilise pour ('extraction elec- 
trolytique d'un metal et en ce que I'electrode est 
I'anode. 

15 14. Utilisation d'un element selon ia revendica- 
tion 13, caracterisee de plus en ce que le metal a 
extraire par voie electrolytique est choisi parmi le 
zinc, le cobalt, le manganese, le cuivre, le nickel, 
I'or, le platine, I'argent, le rhodium, le ruthenium, 

20 le palladium, I'osmium et 1'irtdium. 

15. Utilisation d'un element selon I'une quel- 
conque des revendications 1 a 6, caracterisee en 
ce que I'element est utilise pour la synthese de 
composes organiques ou de composes mineraux. 

25 16. Utilisation d'un element selon I'une quel- 
conque des revendications 1 a 6, caracterisee en 
ce que I'element est utilise en tant qu'element 
destine a relectrodeposition d'un metal, le metal 
a deposer etant choisi parmi le nickel, le chrome, 

30 le cadmium et le fer. 

17. Utilisation d'un element selon I'une quel- 
conque des revendications 1 a 6, caracterisee en 
ce que I'element est utilise en tant que bouilleur a 
electrodes et un courant alterhatif est applique a 

35 I'element pourfaire bouillirdes liquides entre les 
electrodes constitutes de la matiere d'electrode. 



40 



45 



55 



55 



11 




1 



0 047 595 




